Tension wood formed in Fagus sylvatica and Alnus glutinosa after simulated mass movement events by Heinrich, Ingo et al.
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VHWVDUHFRQVLGHUHGVLJQLÀFDQWO\GLIIHUHQWLIRQHER[GRHVQRWRYHUODSWKHPHGLDQRID
VHFRQGER[SURYLGHGWKDWGDWDDUHGLVWULEXWHGQRUPDOO\&OHYHODQG
)LJXUH ,QFUHPHQWSXQFKHUXVHG
IRU FROOHFWLQJPLQXWH VDPSOHV RI
WHQVLRQZRRG)RUVWHUHWDO
+HLQULFK*lUWQHU	0RQEDURQ³7HQVLRQZRRG IRUPDWLRQDIWHUPDVVPRYHPHQW
5(68/76$1'',6&866,21
:HDSSOLHG HLJKW GLIIHUHQWPHFKDQLFDO WUHDWPHQWV DQGSURSRVHG WKDW GLIIHUHQFHV LQ
WKHWHQVLRQZRRGIRUPHGZRXOGEHGLVFHUQLEOH:HK\SRWKHVLVHGWKDWWHQVLRQZRRG
ZRXOGEHPRUHIXOO\GHYHORSHGDIWHUVHYHUHEHQGLQJDQGWKDWWHQVLRQZRRGIRUPDWLRQ
ZRXOGEHDOWHUHGLIWKHWUHHLVQRWRQO\EHQWEXWDOVRPRGLÀHGLQRWKHUZD\VVXFKDV
E\ZRXQGLQJ:LOVRQ	*DUWQHU0DWWKHFNHWDO
7\SLFDOWHQVLRQZRRGDQGQRUPDOVWHPLQFUHPHQWJURZWKLQDOGHUDQGEHHFKDUH
LOOXVWUDWHGLQ)LJXUHVDQG7KHWHQVLRQZRRGFRQWDLQVGHQVHUÀEUHVDQGIHZHUDQG
VPDOOHUYHVVHOV)XUWKHUPRUHQRYHVVHOVGHYHORSHGLQWKHHDUOLHVWSDUWRIWKHULQJV7KH
GHQVHUWLVVXHLPSOLHVWKDWLQLWLDOJURZWKUHVXOWHGLQLQFUHDVHGVWDELOLVDWLRQRIWKHWUHH
UDWKHUWKDQWKHSURGXFWLRQRIQHZFRQGXFWLQJWLVVXH7KLVGLIIHUVIURPWKHUHVSRQVHVRI
WZRFRQLIHURXVVSHFLHV3LFHDDELHV/.DUVWHQDQG/DUL[GHFLGXD30LOODOVRWUHDWHG
LQWKHFRXUVHRIWKLVH[SHULPHQW*lUWQHUHWDOXQSXEOGDWDLQZKLFKWKHÀUVWUDGLDO
ÀOHVZHUHW\SLFDOHDUO\ZRRGWUDFKHLGVZLWKWKLQFHOOZDOOVDQGODUJHOXPHQV+RZHYHU
LWLVXQNQRZQZKHWKHUGLIIHUHQFHVLQWKHZDOODQGOXPHQGLPHQVLRQVRIÀUVWIRUPHG
FHOOVLQWKHEURDGOHDYHGDQGFRQLIHURXVWUHHVUHSUHVHQWGLIIHUHQWJURZWKVWUDWHJLHVWKDW
   
)LJXUH/LJKWPLFURVFRS\SKRWRVRIPLFURVHFWLRQVFXWIURPDQDOGHURIWUHDWPHQWJURXS7
VWURQJHVWEHQGLQJOHIWDQGDQXQWUHDWHGUHIHUHQFHWUHHULJKWDWVLWH3RVLHX[)ULERXUJWUHH
ULQJERXQGDULHVLQGLFDWHGE\DUURZVPDJQLÀFDWLRQLQERWKSKRWRVð
   
)LJXUH/LJKWPLFURVFRS\SKRWRVRIPLFURVHFWLRQVFXWIURPDEHHFKRIWUHDWPHQWJURXS7
VWURQJHVW EHQGLQJ OHIW DQG DQ XQWUHDWHG UHIHUHQFH WUHH ULJKW DW VLWH.UDWWLJHQ WUHHULQJ
ERXQGDULHVLQGLFDWHGE\DUURZVPDJQLÀFDWLRQLQERWKSKRWRVð
,$:$ -RXUQDO9RO
ÀUVWIDYRXUHLWKHUVWHPVWDELOLVDWLRQVWXG\WUHHVRUFRQGXFWDQFHFRQLIHUVRULIGLI
IHUHQFHVDUHUHODWHGPRUHJHQHUDOO\WRWKHFRPSOH[ZRRGDQDWRP\RIGLIIXVHSRURXV
WUHHV
9LVXDOLPSUHVVLRQVZHUHFRQÀUPHGE\GLJLWDOLPDJHU\DQDO\VLV%RWKVSHFLHVGLV
SOD\HGVXEVWDQWLDOGLIIHUHQFHVEHWZHHQWUHDWPHQWDQGUHIHUHQFHJURXSV)LJ,QDOGHU
WKHSHUFHQWDJHRIFHOOZDOOPDWHULDOZDVJUHDWHVWLQJURXS7VWURQJHVWEHQGLQJVPDOO
HVWLQJURXSV7ZHDNHVWEHQGLQJDQG7FDPELXPGDPDJHGDWXSSHUVLGHDQGLQ
WKHUHIHUHQFHJURXS,QEHHFKFHOOZDOOSHUFHQWDJHVZHUHJUHDWHVWLQJURXSV7VWURQJ
HVWEHQGLQJDQG7FDPELXPGDPDJHGDWORZHUVLGHZKHUHDVWKHUHIHUHQFHJURXS
DQG7LQFUHDVLQJEHQGGLVSOD\HGWKHVPDOOHVWYDOXHV7KHVHGLIIHUHQFHVVXJJHVWWKDW
WUHDWPHQWVLQGXFHGWHQVLRQZRRGLQERWKVSHFLHVWKDWYDULHGDPRQJJURXSVLQUHVSRQVH
WRWKHWUHDWPHQWVWKHPVHOYHV7KHVHUHVXOWVDUHVLPLODUWRWKRVHIRXQGLQFUDFNZLOORZ
6DOL[IUDJLOLV/E\5REDUGVZKRQRWHGWKDWWHQVLRQZRRGZDVPRUHIXOO\
GHYHORSHGLQVWHPVEHQWWRDOHDQWKDQLQWKRVHDWDOHDQ5HVXOWVRIRXUVWXG\
VWUHQJWKHQWKHIHDVLELOLW\RIGLIIHUHQWLDWLQJWHQVLRQZRRGLQWRFODVVHVFRPSDUDEOHWR
WKRVHSURSRVHGIRUFRQLIHUVE\<XPRWRHWDO6HYHUHPHFKDQLFDOVWUHVVDSSHDUV
WRLQFUHDVHWKHGHSRVLWLRQRIFHOOZDOOPDWHULDODQGGHFUHDVHWKHGLPHQVLRQVRIFHOO
OXPHQVPRUHVRWKDQGRHVOHVVVWUHVVHJGHFUHDVLQJPHFKDQLFDOVWUHVVHVLQJURXSV
7WR7DUHSDUDOOHOHGE\DGHFUHDVLQJJUDGLHQWRIFHOOZDOOPDWHULDO,QERWKVSHFLHV
WKHPRUHLQWHQVLYHWUHDWPHQWVLQ7UHVXOWHGLQWHQVLRQZRRGWKDWLVGHQVHUWKDQWKDW
LQJURXS7
7KHSHUFHQWDJHRIFHOOZDOOPDWHULDOLQÀEUHVRIERWKVSHFLHVZDVJUHDWHULQ7FDP
ELXPGDPDJHGDWORZHUVLGHWKDQLQ7FDPELXPGDPDJHGDWXSSHUVLGH7UHHVLQ
ERWKWUHDWPHQWJURXSVZHUHEHQWIURPWKHYHUWLFDOKRZHYHULQ7EDUNDQGFDP
ELXPZHUHSDUWO\UHPRYHGIURPWKHXSSHUVLGHRIWKHLQFOLQHGVWHPDERYHWKHEHQG
ZKHUHDVWKHEDUNDQGFDPELXPLQ7ZHUHVWULSSHGIURPEHORZWKHEHQG7KLVUHVXOW
VXJJHVWVWKDWWKHLQGXFWLRQRIUHDFWLRQZRRGPLJKWEHFRQWUROOHGIURPWKHXSSHUSDUW
RIWUHHVDQGWKDWWLVVXHUHPRYHGIURPWKHXSSHUVLGHLQ7PD\KDYHKLQGHUHGWKHÁRZ
RIKRUPRQHVDQGRWKHUVXEVWDQFHVWKDWUHJXODWHWKHSURGXFWLRQRIWHQVLRQZRRG6WUDV
EXUJHUHWDO7KHÀEUHVKDGVPDOOHUSHUFHQWDJHVRIFHOOZDOOVLQERWKVSHFLHVLQ
7DSH[YHUWLFDODQGSDUWLFXODUO\LQ7DSH[FXWWKDQLQ7VWURQJHVWEHQGLQJ
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 7UHDWPHQWJURXSV
)LJXUH3HUFHQWDJHDUHDFRYHUHGE\ÀEUHFHOOZDOOJUH\DQGÀEUHFHOOOXPHQZKLWHSHUWUHDW
PHQW7²WUHDWPHQW7LVWKHXQWUHDWHGUHIHUHQFHJURXSIRUDOGHUOHIWDQGEHHFKULJKW
+HLQULFK*lUWQHU	0RQEDURQ³7HQVLRQZRRG IRUPDWLRQDIWHUPDVVPRYHPHQW
VXJJHVWLQJWKDWWHQVLRQZRRGLVOHVVFRPSOHWHO\IRUPHGZKHQWKHDSH[ZDVYHUWLFDORU
FXW7KHVHUHVXOWVWKXVLPSO\WKDWWKHSRVLWLRQDQGLQWHJULW\RIWKHDSH[DUHLPSRUWDQWLQ
WKHIRUPDWLRQRIWHQVLRQZRRGDQGWKDWDOWHUDWLRQVWRWKHDSH[PD\OHDGWRVXEVHTXHQW
YDULDWLRQVLQWKHDQDWRPLFDOFRPSRVLWLRQRIWHQVLRQZRRG$FFRUGLQJO\IDFWRUVVXFK
DVWKHGLPHQVLRQVRIFHOOZDOOVDQGOXPHQVPLJKWEHXVHGDVGLIIHUHQWLDOLQGLFDWRUVRI
UHDFWLRQZRRGIRUPDWLRQDVVXPLQJ WKDW WUHHVZHUHEHQWEXWRWKHUZLVHXQGDPDJHG
7KHVHÀQGLQJVDUHVLPLODUWRWKRVHRI:DUGURSZKRIRXQGWKDWWHQVLRQ
ZRRGLQHXFDO\SWVIRUPHGZKHQWKHDSH[ZDVFXWIROORZLQJEHQGLQJRIWUHHVLQWRWKH
KRUL]RQWDOSRVLWLRQEXWOLWWOHWHQVLRQZRRGGHYHORSHGLIWKHDSH[ZDVFXWEHIRUHWKH
WUHHVZHUHEHQW)XUWKHUPRUH:DUGURSIRXQGWKDWWKHUHPRYDORIWKHEDUNIURP
WKHXSSHUSDUWUHVXOWHGLQOHVVGHYHORSHGWHQVLRQZRRGWKDQZKHQEDUNZDVUHPRYHGRQ
WKHORZHUVLGHDÀQGLQJFRQÀUPHGLQWUHDWPHQWV7WR7RIRXUH[SHULPHQW
7KHWRWDODUHDRIYHVVHOOXPHQVVHHPVWRKDYHFKDQJHGLQUHVSRQVHWRWKHGLIIHUHQW
WUHDWPHQWVDVZHOO7KHDQDO\VLVRIYDULDQFH7DEOHVXJJHVWVWKDWYHVVHOOXPHQDUHDV
GLIIHUPRUHEHWZHHQWKDQZLWKLQWKHWUHDWPHQWJURXSVLPSO\LQJWKDWWUHDWPHQWVUHVXOWHG
LQFKDQJHVLQYHVVHOPRUSKRORJLHV7KHER[ZKLVNHUSORWV)LJVXJJHVWDSURJUHV
7DEOH$QDO\VLVRIYDULDQFH$129$RIWRWDOYHVVHOOXPHQDUHDIRUDOGHUDQGEHHFK
6SHFLHV ) 3YDOXH )FULW
$OGHU  ( 
%HHFK  ( 
,I)!)FULWWKHQYDULDQFHVEHWZHHQWUHDWPHQWJURXSVDUHODUJHUWKDQZLWKLQJURXSV
VPDOO3YDOXHVLQGLFDWHKLJKVLJQLÀFDQFHRIUHVXOWV
 7 7 7 7 7 7 7 7 7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)LJXUH7RWDOYHVVHOOXPHQDUHDORJWUDQVIRUPHGSHUWUHDWPHQW7²IRUDOGHUOHIWDQGEHHFK
ULJKWER[SORWVVKRZÀYHLPSRUWDQWQXPEHUVWKHER[LQWKHFHQWUHVSDQVWKHTXDUWLOHVWKH
KRUL]RQWDOOLQHLQWKHFHQWUHPDUNVWKHPHGLDQWKHYHUWLFDOOLQHVH[WHQGLQJRXWIURPWKHER[DUH
FDSSHGE\KRUL]RQWDOOLQHVRIWHQFDOOHGZKLVNHUVLQGLFDWLQJPLQLPDDQGPD[LPD&OHYHODQG
,$:$ -RXUQDO9RO
VLRQLQERWKVSHFLHVLQJURXSV7WR7IURPVPDOOHUWRUHODWLYHO\ODUJHUWRWDOYHVVHO
OXPHQDUHDV,QERWKVSHFLHV WRWDOYHVVHOOXPHQDUHDGHFUHDVHGOHVVZKHQWKHDSH[
ZDVFXW7SRVVLEO\EHFDXVHWKHDSH[LVUHTXLUHGIRUUHVSRQVHWRJUDYLWDWLRQDOIRUFHV
6WUDVEXUJHUHWDO7KLVVHHPVFRPSDUDEOHWRWKHDOWHUHGSHUFHQWDJHRIÀEUHFHOO
ZDOOPDWHULDOLQWKLVJURXS)LJ,WPD\EHWKDWWRVRPHH[WHQWWKHGLPHQVLRQVRI
YHVVHOOXPHQVDQGÀEUHFHOOZDOOVPLJKWHYHQWXDOO\EHXVHGWRFODVVLI\WHQVLRQZRRG
IRUPHGLQUHVSRQVHWRDJUDGLHQWRIPHFKDQLFDOVWUHVVHV
+RZHYHUWKHER[SORWVDOVRVKRZWKDWWRWDOYHVVHOOXPHQDUHDVGRQRWQHFHVVDULO\
FRUUHODWHZLWKSHUFHQWDJHVRIFHOOZDOOVLQÀEUHV)RUH[DPSOHLQDOGHUWUHDWPHQW7
UHVXOWHGLQVLJQLÀFDQWO\VPDOOHUWRWDOYHVVHOOXPHQDUHDUHODWLYHWR7ZKHUHDVLQEHHFK
WKHWRWDOYHVVHOOXPHQDUHDVRI7DQG7DUHQRWGLIIHUHQW7KLVPLJKWVXJJHVWWKDWERWK
ÀEUHFHOODQGYHVVHOIRUPDWLRQLQDOGHUDUHKLQGHUHGE\WKHHIIHFWVRIWLVVXHUHPRYDOIURP
DERYHWKHLPSDFW]RQHEXWWKDWWKLVPLJKWQRWEHWUXHLQEHHFK)XUWKHUPRUHYHVVHO
DUHDVIRUEHHFKLQWUHDWPHQW7DSH[YHUWLFDODUHVOLJKWO\EXWLQVLJQLÀFDQO\ODUJHULQ
7DSH[FXWZKHUHDVLQDOGHUWKHWRWDOYHVVHODUHDRI7LVVLJQLÀFDQWO\JUHDWHUWKDQ
WKDWRI7
2YHUDOOWKHUHVXOWVSUHVHQWHGKHUHVXJJHVWWKDWWKHDGGLWLRQDODSSOLFDWLRQRIZRRG
DQDWRPLFDOWHFKQLTXHVFDQKHOSLGHQWLI\GLIIHUHQWGHJUHHVRIWHQVLRQZRRGIRUPDWLRQ
7KLVVWXG\VKRZVIRUWKHÀUVWWLPHWKDWWKHDUHDRIYHVVHOOXPHQVDQGWKHUHODWLYHDPRXQW
RIZDOOPDWHULDOFRPSULVLQJWKHÀEUHVRIDOGHUDQGEHHFKDUHIDFWRUVWKDWSRWHQWLDOO\
FDQFRPSOHPHQWGHQGURJHRPRUSKRORJLFVWXGLHVEDVHGRWKHUZLVHRQO\RQULQJZLGWK
PHDVXUHPHQWVRUVLPSOHULQJFRXQWV7KHSUHOLPLQDU\UHVXOWVGHPRQVWUDWHWKDWGLIIHU
HQFHVLQWKHIRUPDWLRQRIWHQVLRQZRRGPLJKWEHXVHGWRLQIHUWKHQDWXUHRIYDULRXV
JHRPRUSKLFHYHQWVDQGSURFHVVHVLQJUHDWHUGHWDLO+RZHYHUDWWHQWLRQQHHGVWREHSDLG
WRWUHHVWKDWKDYHQRWRQO\EHHQEHQWEXWDOVRGDPDJHGLQZKLFKFDVHWKHGHYHORSPHQW
RIWKHWHQVLRQZRRGLVOLNHO\WREHDOWHUHGHYHQIXUWKHU$GGLWLRQDODQDO\VHVDUHQHHGHG
WRFRQÀUPDQGUHÀQHWKHVHSUHOLPLQDU\UHVXOWVDQGWRVSHFLÀFDOO\WHVWWKHK\SRWKHVLV
WKDWZRRGDQDWRPLFDOWHFKQLTXHVFDQEHXVHGWRUHFRQVWUXFWWKHNLQGDQGVL]HRIJHR
PRUSKLFSKHQRPHQDLQJUHDWHUGHWDLO
$&.12:/('*(0(176
7KHDXWKRUVZLVK WR WKDQN WKH6ZLVV1DWLRQDO6FLHQFH)RXQGDWLRQ61) IRU IXQGLQJ WKHSURMHFW
:HZRXOG OLNH WR H[SUHVVRXUJUDWLWXGH WR WKH ORFDO IRUHVWHUV8UV$QGHQPDWWHQ/HR -|UJHU%HDW
=XUEXFKHQDQG-DFTXHV*DOOH\IRUWKHLUKHOSZLWKWKHVLWHVHOHFWLRQ:HDUHYHU\JUDWHIXOWR%ULWWD
(LOPDQQ-DFTXHOLQH%ROOLDQG&ODULVVD=XUZHUUDDOO:6/6WHIDQ:LQWHU*HRJUDSK\8QLYHUVLW\
RI)ULERXUJDQG5DSKDHO+ROODQG*HRJUDSK\8QLYHUVLW\RI%RQQIRUWKHLUKHOSZLWKWKHVDPSOH
FROOHFWLRQDQGSUHSDUDWLRQV
5()(5(1&(6
$OHVWDOR- 'HQGURFKURQRORJLFDO LQWHUSUHWDWLRQRI JHRPRUSKLF SURFHVVHV)HQQLD 
+HOVLQNL
$UJDQEULJKW'*	':%HQVHQG5HODWLRQVKLSRIJHODWLQRXVÀEHUGHYHORSPHQWWRWUHH
OHDQLQVRIWPDSOH:RRG6FLHQFH²
%ODQG'(	*6FXUÀHOG7KHFKHPLVWU\RIUHDFWLRQZRRG3DUW,97KHGLVWULEXWLRQDQG
QDWXUHRIWKHOLJQLQLQVHHGOLQJVRIKDUGZRRGV+RO]IRUVFKXQJ²
+HLQULFK*lUWQHU	0RQEDURQ³7HQVLRQZRRG IRUPDWLRQDIWHUPDVVPRYHPHQW
%XUQV*3(FFHQWULFJURZWKDQGWKHIRUPDWLRQRIUHGZRRGLQWKHPDLQVWHPRIFRQLIHUV
9W$JU6WD%XOO²
&KRZ.<$FRPSDUDWLYHVWXG\RIWKHVWUXFWXUHDQGFKHPLFDOFRPSRVLWLRQRIWHQVLRQ
ZRRGDQGQRUPDOZRRGLQEHHFK)DJXVV\OYDWLFD/)RUHVWU\²
&ODJXH--	-*6RXWKHU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